Hypothesis: Preoperative assessment can identify the predictors of esophageal shortening in patients with gastroesophageal reflux disease.
T HE INCREASING popularity of laparoscopic antireflux repairs with associated shorter recovery time and greater patient acceptability has increased the number of patients referred for surgical therapy. The 2 most common causes of technical failure in these patients are the low placement of the fundoplication and herniation of the fundoplication into the chest. 1 Such complications are likely to occur when the esophagus is short or when mobilization is inadequate. 2 Esophageal shortening occurs most commonly in patients with advanced reflux disease due to acid-related inflammatory changes in the muscular wall of the esophagus. On healing, this results in contracture. 3 Although severe degrees of esophageal shortening are obvious on a contrast esophagogram, subtler degrees of acquired shortening are difficult to detect. As a result, acquired esophageal shortening remains a potential cause of treatment failure with the laparoscopic approach. The purpose of this study was to identify clinical markers of a short esophagus in patients with gastroesophageal reflux disease (GERD) to avoid failure of laparoscopic antireflux surgery.
RESULTS
Of the 236 patients with GERD and adequate esophageal peristalsis who underwent fundoplication, 37 (15.7%) had objective evidence of esophageal shortening. In these patients, esophageal lengthening was required, despite complete esophageal mobilization at thoracotomy, to reduce the gastroesophageal junction without tension. In an additional 28 patients (11.9%), extensive esophageal mobilization by the transthoracic approach was sufficient. The remaining 171 patients were judged clinically to have an esophagus of normal length. All of these patients were found to have adequate esophageal length at the time of operation and had a laparoscopic Nissen fundoplication performed. Patient characteristics in the 3 treatment groups are shown in Table 1 .
Average manometric esophageal length for the 3 treatment groups and in normal subjects is shown in Figure 2 . All reflux patients had a shorter esophagus on average than normal subjects. Furthermore, patients who underwent a transthoracic procedure had a shorter mean esophageal length than the laparoscopic Nissen group and normal subjects. However, individual variability in the treatment groups did not allow the identi-
POPULATION AND METHODS

STUDY POPULATION
From January 1992 to December 1997, 248 patients with symptomatic GERD underwent primary antireflux procedures at the University of Southern California University Hospital. There were 162 males and 86 females, with a median age of 51 years (range, 15-81 years). All had increased esophageal acid exposure, confirmed by 24-hour pH monitoring using a glass electrode (Ingold Inc, Urdorf, Switzerland) positioned 5 cm above the upper border of the lower esophageal sphincter determined on manometry. Increased esophageal acid exposure was defined when the DeMeester composite acid score was above 14.7. 4, 5 Preoperative evaluation included a video-contrast esophagogram, upper endoscopy with routine biopsies of the gastroesophageal junction and lower esophagus, and stationary esophageal motility.
SELECTION OF OPERATIVE PROCEDURE
Our previously published selection algorithm 6 determined the operative procedure performed (Figure 1 ). Patients who appeared on clinical grounds to have normal esophageal length underwent laparoscopic Nissen fundoplication according to our previously published technique, 7 including complete mobilization of the fundus with division of the short gastric vessels and crural closure. Esophageal shortening was suspected preoperatively in patients with a hiatal hernia of 5 cm or larger, a nonreducible hernia, or an esophageal stricture. The presence of 1 or more of these features excluded the laparoscopic approach and directed a transthoracic antireflux procedure. 8 For patients who underwent a transthoracic procedure, the length of their esophagus was assessed after it had been mobilized from the diaphragmatic hiatus up to the aortic arch. The gastroesophageal junction was marked with a stitch. If the length of the esophagus after mobilization did not allow the stitch to be placed without tension in the abdomen, a Collis gastroplasty and Belsey partial fundoplication were performed. 9 Patients who were judged after mobilization to have sufficient esophageal length to allow a tensionfree repair underwent a transthoracic Nissen fundoplication.
Based on preoperative manometric, endoscopic, and radiologic evaluation, 12 patients were identified as having ineffective esophageal body motility. These patients underwent a partial fundoplication without gastroplasty and were excluded from analysis, as were those with type II or III paraesophageal hernias. Of the remaining 236 patients with effective esophageal motility, 65 were suspected of having a short esophagus on clinical grounds and had an antireflux procedure performed using a transthoracic approach. Of these patients, 28 were judged intraoperatively to have sufficient esophageal length, whereas 37 required an additional lengthening procedure (Collis gastroplasty). During the same period, 171 patients judged to have normal esophageal length on clinical grounds underwent a laparoscopic antireflux procedure and were included as a comparison group.
STUDY VARIABLES
The following variables were submitted to multivariate analyses to identify factors associated with the procedures performed: age, sex, height, weight, obesity, radiologic stricture, size and reducibility of hiatal hernia, esophagitis, presence and length of Barrett's esophagus, and manometric esophageal length. Obesity was defined by a body mass index (a measure of weight in kilograms divided by the square of height in meters) of 28 or more. Radiologic stricture was defined as any nonneoplastic segmental narrowing of the esophagus, excluding esophageal rings and webs. Size of a hiatal hernia, when present, was assessed radiologically using 5 liquid barium swallows in the prone position. Reducibility of the hiatal hernia was assessed on assumption of the upright position at the time of esophagram. Esophagitis was defined as the presence of linear or confluent erosions in the distal esophagus (Savary grades II and III) on preoperative endoscopy. Length of Barrett's columnarlined esophagus was measured by endoscopy and confirmed by histologic biopsy. Manometric esophageal length was measured from the lower border of the upper esophageal sphincter to the upper border of the lower esophageal sphincter. A diagnosis of manometric esophageal shortening was made when measurements fell below the fifth percentile value of 95 asymptomatic volunteers (males, 19.1 cm; females, 18.3 cm).
A physician other than the responsible surgeon assessed symptomatic outcome in all patients by means of a standardized questionnaire. Outcome was considered excellent if the patient was asymptomatic, good if symptoms were relieved but minor gastrointestinal complaints (eg, bloating or flatulence) persisted, fair if the symptoms were improved but medical therapy was necessary for complete relief, and poor if the symptoms were not improved. Particular attention was made to determine whether the primary symptom responsible for surgical referral was relieved. Whenever possible, patients who had an unsatisfactory outcome underwent endoscopy and/or video esophagogram to determine the cause of failure.
STATISTICS
Stepwise logistic regression was performed to identify independent associations with the different surgical procedures. The Fisher exact test was used to compare proportions. Manometric esophageal length in patients and volunteers was compared by analysis of variance. Statistical significance was considered at ␣Ͻ.05 for all analyses.
fication of a threshold value below which a short esophagus can be reliably determined to exist.
The prevalence of hiatal hernia, Barrett's esophagus, and strictures in the treatment groups is shown in Table 2 . On multivariate analysis of patients who had a transthoracic procedure, the presence of an esophageal stricture identified those in whom a gastroplasty was likely to be required after esophageal mobilization (odds ratio, 7.5). Transthoracic esophageal mobilization alone appeared to be sufficient for patients with a long segment (Ն3 cm) of Barrett's esophagus (odds ratio, 3.4) ( Table 3 ). The combined presence of a hiatal hernia of 5 cm or greater and an esophageal stricture was strongly associated with the need for a gastroplasty (PϽ.001). This was not so for the combination of a 5-cm or longer hiatal hernia and a 3-cm or longer Barrett's esophagus.
An excellent or good outcome was achieved in 89% of patients in the gastroplasty group, 93% in the esophageal mobilization group, and 91% in the laparoscopic group. There were no significant differences in outcome between treatment groups.
In patients with fair or poor outcome, objective documentation of the cause of failure was identified in 9 of 15 in the laparoscopic Nissen group and in all 8 patients in the transthoracic groups. Of the 9 patients who underwent laparoscopic Nissen fundoplication with a fair or poor outcome who also underwent diagnostic studies, 6 had technical failure of the fundoplication (wrap disruption with or without herniation). In contrast, there were no technical failures in the 8 patients with unsatisfactory outcome in the transthoracic groups. Rather, 5 had persistent difficulty with stricture, 2 had excessive bloating and diarrhea, and 1 had postthoracotomy pain. The likelihood of technical failure as the cause of an unsatisfactory outcome was significantly different (6 of 9 vs 0 of 8; P = .01).
COMMENT
Acquired esophageal shortening, when unrecognized, remains a threat to the success of transabdominal or laparoscopic antireflux procedures. Although severe esophageal shortening may be easily detected on a contrast esophagram, the diagnosis of milder degrees of esophageal shortening remains subjective. In an attempt to define objective criteria for the preoperative identification of the short esophagus, we used the need for a gastroplasty for esophageal lengthening as the defining criteria for the existence of a short esophagus. The results of our study suggest that a combination of preoperative findings can be used to identify patients at risk for the presence of esophageal shortening in whom a transthoracic procedure is advisable.
Overall, 28% of our study population had evidence suggesting esophageal shortening. In 16% of patients, there was unequivocal esophageal shortening, despite complete esophageal mobilization at thoracotomy; in 12%, tension-free reduction of the hiatal hernia could be accomplished after thorough transthoracic esophageal mobilization. A similar high prevalence of esophageal shortening was reported by Swanstrom et al 11 in patients with GERD who underwent laparoscopic antireflux surgery. Since a short esophagus may be the most important factor resulting in the 2 most common causes of failure, 1,2 preoperative recognition of a short esophagus is critical to the successful outcome of laparoscopic fundoplication.
Pearson et al 9 first suggested that patients with esophageal strictures may also have longitudinal shortening of the esophagus. They and others 12 suggest that partial fundoplication in combination with Collis gastroplasty is the treatment of choice for such patients. Our results support this approach in that to perform a tension-free repair, transthoracic esophageal mobilization was necessary in the presence of a long segment of Barrett's esophagus, but true esophageal shortening requiring a gastroplasty was likely in the presence of an esophageal stricture.
The association between severe esophagitis, stricture formation, and esophageal shortening is supported by previously published experimental findings. 13, 14 In these studies, reflux composed of acid, biliary, and pancreatic secretions has been shown to allow penetration of H + ions into the deeper layers of the esophageal wall, resulting in fibrosis. This fibrotic reaction leads to retraction of the esophagus and shortening.
We have shown that, in patients with GERD and clinical evidence of esophageal shortening, esophageal length on manometry was shorter and differed significantly from normal subjects. However, there was considerable individual variability. As a consequence, there was no threshold value below which esophageal shortening could be identified reliably.
Our results suggest that the presence of a short esophagus should be suspected in patients with a hiatal hernia of 5 cm or more, either alone or in combination with a stricture or long-segment Barrett's esophagus. In the presence of these factors, esophageal shortening sufficient to require a gastroplasty was found in more than 58%. Whether these patients can be effectively managed by laparoscopy and extensive transhiatal esophageal mobilization remains to be determined. However, the fact that treatment failed in 6 of the 9 patients in the laparoscopy group because of technical reasons related to unrecognized shortening-despite our conservative approach to patient selection-would suggest that the liberal use of transthoracic antireflux procedures may be advisable. Whether the recently described techniques of laparoscopic gastroplasty will reduce the need for the more invasive transthoracic approach awaits further study.
CONCLUSIONS
Esophageal shortening is a common complication of GERD, and a careful preoperative investigation with esophagogram, endoscopy, and manometry is essential for diagnosis. Although manometric measurements of esophageal length below the fifth percentile of normal should raise suspicion of esophageal shortening, they lack sufficient specificity to determine whether a lengthening procedure is required.
The presence of an esophageal stricture, either alone or in combination with a hiatal hernia of 5 cm or more, is a strong predictor of the presence of esophageal shortening. In these patients, the need for a transthoracic approach should be emphasized. Patients with a large hiatal hernia and long segments of Barrett's esophagus should also be managed with thoracotomy to allow complete mobilization of the esophagus and an evaluation of the esophageal length to achieve the goal of a tension-free antireflux repair in patients with advanced disease. This presentation of a manuscript typifies the strength of previous work from the USC group. This study looks at surgery for GERD as a complex disease entity that requires flexibility in the evaluation of surgical treatment. Most operations that we perform are anatomic. We relieve obstructions, close holes, or remove diseased organs. Surgery for GERD is unique in that it requires repair of altered physiology. Unfortunately, too many operations for GERD are being performed by surgeons with little or no formal training in the physiologic management of GERD, with only one surgical approach to the whole patient population: the laparoscopic Nissen. Perhaps in no other current area of general surgery could our specialty be subject to the valid criticism of the adage, "If all you have is a hammer, everything looks like a nail." The USC group exemplifies the ideal. Each patient is studied carefully and surgical treatment is individualized. For that reason, they are to be congratulated.
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However, at this point, my agreement with the work presented today ceases. I must confess, I reviewed the abstract with Luke Hill and Don Low at the Mason Clinic last week. Since I am a politically correct kind of guy, I cannot repeat their assessment of this study. I can paraphrase their thoughts, however. In a nutshell, we disagree with most of the conclusions presented today. First and foremost, we believe the term short esophagus is misleading. Sliding hiatal hernias no more shorten the esophagus than sliding groin hernias shorten the colon. The stomach migrates into the chest, and the esophagus contracts. Reduction of the hernia will restore esophageal length in all cases. The combined experience at the Mason Clinic by Luke Hill and Don Low now exceeds 3500 operations for GERD, with no cases of short esophagus requiring Collis gastroplasty. In all cases, the stomach was reduced and the esophagus anchored in the abdomen. Good-to-excellent results are achieved in 80% to 90% of patients at 15 to 20-year follow-up. Clearly, the contention that a 5 cm hiatal hernia implies a short esophagus is simply not true.
What about strictures? In patients with GERD and esophageal strictures, primary Hill repairs result in good-to-excellent results in about 90% of cases, with patients requiring only 1 or 2 perioperative dilatations. Patients requiring multiple dilatations during the years prior to presentation to the surgeon do poorly, yet only about half report good results in long-term followup. All strictures therefore are not alike. Most patients with GERD and strictures can be handled with standard operative procedures combined with perioperative dilatation. On the other hand, the patient with strictures who has been dilated every month for years will not do well with any simple operation, whether it be the Hill, the Nissen, or the Collis gastroplasty.
My first question for the authors relates to the management of patients with strictures. What is your recommendation for the treatment of patients with strictures who have been dilated innumerable times? Impaired motility in this segment will likely result in poor results after any procedure. We believe that many of these patients are best served with up-front resections.
What And what about the Collis gastroplasty? I find it puzzling that Dr DeMeester's group would, on the one hand, operate on patients and publish papers devoted to the elimination of the Barrett's esophagus and then, on the other hand, tell us today to surgically create an iatrogenic Barrett's esophagus. The Collis gastroplasty creates an aperistaltic neoesophagus lined with acid-secreting parietal cell mucosa. Over one third of these patients will have esophagitis at follow-up, and nearly one half will have an aperistaltic neoesophagus. In both theory and practice, this is a bad operation.
With regard to the other conclusions presented today, I have a few problems. The abstract states that on multivariate analysis, the presence of a hiatal hernia greater than 5 cm remains strongly associated with transthoracic approach. I thought they chose the transthoracic approach when there was a long hiatal hernia. In other words, the conclusions were predetermined. With respect to the conclusion that when a stricture is present, a lengthening procedure is likely to be required, I have an alternate conclusion. Thirty-seven of 65 patients operated on via the transthoracic approach required a Collis gastroplasty, whereas none of 171 patients undergoing the abdominal approach required a Collis gastroplasty. I believe the most accurate conclusion one can reach from these data is that the transthoracic approach limits the ability to mobilize and adequately anchor the esophagus in the abdomen and therefore, increases the chance of needing to perform the Collis procedure. In other words, I believe the correct take-home message from the data presented today is, "Don't operate through the chest if the patient has a large hiatal hernia."
My final question relates to perhaps the most notable deficiency in the presentation: the lack of good outcomes data. What is the duration of follow-up? The bottom line should always be, "how are the patients doing?" Can the authors tell us more about the patients who had the iatrogenic Barrett's or Collis procedure? Is there any endoscopic or manometric follow-up in these patients? Have there been any problems with esophageal ulcers, poor motility, etc?
In closing, Luke Hill and Don Low asked me to repeat to all of you their standing offer: If any of you have a patient with an apparent short esophagus that you anticipate being unable to reduce, send the patient to Seattle, and they will fix it free of charge.
Ronald A. Hinder, MD, Jacksonville, Fla: I also believe that the short esophagus is extremely rare, and speak for many surgeons with a large experience in this disease. I would estimate that a truly short esophagus exists in less than 1% of patients who are operated on for GERD. I also wish to ask the authors why they subject 20% or 30% of their patients to a thoracotomy when a laparoscopy is so simple. A very small proportion of patients will fail due to a short esophagus; and in those patients, more extensive surgery can take place as a redo. Why should we subject 12% of patients to an unnecessary thoracotomy? Philip E. Donahue, MD, Chicago, Ill: Ten percent of the patients with either operation fail, laparoscopic or the transthoracic. I wonder if you could say a word about patterns of failure. Was reflux a problem, or are you talking about other problems such as mechanical slippage of the wrap into the chest? Jay L. Grosfeld, MD, Indianapolis, Ind: Were any of these patients reoperative candidates, and would you ever perform a Collis gastroplasty on someone who has had previous antireflux surgery?
Dr Peters: I also thank Dr Hinder and the other discussants, particularly Dr Thirlby for his kind comments. I am grateful for the fact that Dr Hill and perhaps the remainder of the Mason Clinic group are not here as well.
The discussants certainly highlight the controversy surrounding the short esophagus, which is why we felt the need and the importance of putting together our paper. As you heard, the very existence of the short esophagus is controversial, let alone how to identify it once it exists. We believe firmly that it does exist. Dr Gastal's lead slide pointed out that the major reasons for failure of antireflux procedures were reherniation and/or slippage of the wrap. Both are a likely consequence of the short
